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Abstract
The complete structure of curvature squared terms is analyzed in the
context of chirally extended supergravity, with special emphasis on the
gravitationally induced Fayet{Iliopoulos D{term. Coupling of (chiral) mat-
ter is discussed in relation with a possible extension to U(1) supergravity
of the equivalence mechanism between R + R
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and General Relativity
coupled to a scalar.
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Introduction
Higher derivative supergravity theories [1], [2], [3], [4], [5] have been proposed as
messengers for supersymmetry breaking through gravitational eects [6]. More
recently, the equivalence of R+R
2
theories to gravity coupled to a scalar [7], in
its supersymmetric version [8], has been advocated to provide a supersymmetry
breaking device as well [9], [10], [11].
All these scenarios are based on traditional supergravity. On the other hand, in
the presence of a chiral abelian gauge structure, known as U(1) supergravity [12],
[13] a supergravity induced D{term appears naturally [14], [15].
In the present paper, we describe explicitly the complete structure of curvature
squared terms in U(1) supergravity, and discuss possibilities to extend the scheme
of [9] to this case.
In the rst chapter we review shortly General Relativity [16] and Whitt's mech-
anism [7]. After an outline of U(1) superspace and the construction of the pure
U(1) supergravity action in chapter 2 we turn to the complete description of
curvature squared actions for U(1) supergravity. Our description is based on
methods of superspace geometry as reviewed in [17]. The paper closes with a dis-
cussion of matter coupling to U(1) supergravity with curvature squared terms.
General Relativity with curvature squared terms
It is known that pure General Relativity is a nonrenormalizable theory [18][19].
Adding quadratic terms in the curvature tensor allows to construct renormalizable


































































which, as a topological invariant, does not depend on the metric and, as a con-























with constants  = 
0
 c,  = 
0
+4c. This theory describes [16] [21] the graviton
together with a massive spin two "poltergeist" and a massive physical scalar eld.
















which, however, is no longer renormalizable [20], describes a graviton coupled to















On the one hand, varying with respect to  reproduces the action (5). On the
other hand, performing a Weyl rescaling
g
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where the presence of the massive scalar eld is manifest. It is in this sense that
curvature squared gravity is said to be equivalent to General Relativity coupled
to a scalar eld [7].
U(1) superspace and supergravity
Supergravity is described in terms of the vielbein eld e
m
a
(x) and the Rarita{
Schwinger eld  
m






complex scalar and a vector. The latter are necessary to close the algebra of lo-
cal supersymmetry transformations. In conventional supergravity which is given
as the supersymmetric generalization of the curvature scalar they describe non
propagating degrees of freedom.
On the other hand, in supersymmetric versions of theories with curvature squared
terms those elds acquire derivatives and become propagating elds as well.
In the present paper we will extend this scenario to the case of U(1) supergrav-










the gaugino superpartner and D the auxiliary eld. One of its inter-
esting features is that it allows the construction of a particular supersymmetric
Fayet{Iliopoulos [22] term in the context of supergravity [15].
1
This set of auxiliary elds corresponds to the so called "old{minimal" formulation. Other
choices are possible, as for instance "new{minimal" and "non{minimal" formulations, but they
will not be considered here.
2
The superspace formulation of U(1) supergravity [12] [13] is a generalization of
that of conventional supergravity [23] : in addition to the Lorentz group in the su-
perspace structure group it contains a chiral U(1). In order to be more explicit we
review shortly the salient features of U(1) superspace geometry, following closely
refs. [24], [17]. The basic objects are the vielbein E
A



























Correspondingly, one denes the torsion T
A
































F = dA ; (14)




) = 0 ; !(E

) = 1 ; !(E
_
) =  1 : (15)





















































































j =  2D ; (19)




























which is used in [24].
3
and which will be used as the basic component eld from now on. Correspond-






























The corresponding component eld expression is most conveniently extracted































rj+ hc ; (23)
with the choice
r =  3R : (24)










































































Clearly, this lagrangian exhibits the usual Einstein term together with a kinetic
term for the gravitino and the auxiliary eld terms for M , M and b
a
as in usual






























Moreover there is a term linear inD, which clearly shows that this theory in itself
cannot be complete. It is completed in adding a kinetic term for the U(1) gauge
multiplet. In this case the term linear inD can play the role of a Fayet{Iliopoulos






































































+ other fermionic terms :(28)
3






These two lagrangians are separately invariant under the following supersymme-















































































































































































































































































































































































































































































































































































, which might be referred to as pure U(1)
5
supergravity, gives rise to a cosmological constant after diagonalization in the
eld D, as discussed in [15] [14] [25]. In our case this action provides the starting
point for the discussion of curvature squared terms and diagonalization should
only be performed afterwards.
Curvature squared terms and U(1) supergravity
As is well known [1] curvature squared terms in traditional supergravity are











of basic supergravity superelds. In the case of U(1) supergravity
a number of modications arise due to the presence of the U(1) sector in the
geometry, as explained in detail in [17]. In order to x our notations we shall












































Complete component eld expressions can be evaluated in using the generic com-
















































for the generic chiral supereld r.
In what follows we shall only discuss the purely bosonic contributions of these























































































































































which appears in the second action is particularly convenient


























and where the Weyl tensor W
dc;ba




and the curvature scalar













































With the rst two lagrangians (50) and (51), one can obtain the supersymmetric









. These new contributions are due to the additional U(1) sector, they
can be cancelled by adding L
X
2









































In order to discuss the most general form of U(1) supergravity with curvature




































dened in the previous section. Inspection of the individual
contributions shows that diagonalization in the auxiliary eld D of the U(1)



















































































































































































































































according to the chiral weights :
!(M) = 2 ; !(b
a
) = 0 : (64)
This is the (bosonic part) of the component eld lagrangian which is relevant
for the discussion of curvature squared terms in U(1) supergravity. As a rst






which adjusts the relative factor between the squares of the Weyl and the Ricci
tensors to that occurring in the Gauss{Bonnet combination. In this case the































































































































































This action is the U(1) supergravity analogue of the case  = 0 discussed for the
non{supersymmetric case (5).
As an aside, note that in order to obtain the Gauss{Bonnet combination of cur-
vature squared terms one has to cancel the additionalR
2
term. This can be done
8
by choosing either a
3
= 0 or (1 + 3a
3





























































































































































Clearly, the rst case describes a generalization of a supergravity action with a
correctly normalized (for a
1
= 1) curvature scalar term.
The interpretation of the second case is more subtle in that a Weyl rescaling
in MM should be performed [6] [9] to arrive at a correctly normalized Einstein
term.
Finally, the coupling of curvature squared term to traditional supergravity can be



























which eliminates the c{dependence in (61).
Coupling to matter
As chirally extended U(1) supergravity provides a natural framework for a gravity
coupled Fayet{Iliopoulos term [14], [15], it is interesting to investigate couplings
to chiral matter in this context. This discussion serves at the same time as a
prerequisite for the generalization of the Whitt mechanism, as alluded to in the
rst section, to the case of U(1) supergravity.
To begin with, we consider a single chiral supereld  of U(1) weight !() = !,
and, correspondingly

 of U(1) weight !(



































where x is given in term of the chiral weight : x =
!(R)
!()
for !() 6= 0. In terms of
















































































































j = A ; D
2
j =  4F : (71)
Clearly, this provides a generalization of the Fayet{Iliopoulos term to the case
of matter{coupled chirally extended supergravity, and possible applications to
symmetry breaking mechanisms deserve further study.
On the other hand, this action is the starting point for the generalization of the
Whitt's mechanism as well. In order to establish the relation between curvature
squared U(1) supergravity with its matter coupled counterpart, linear in the




























































which has the same appearance as the corresponding action in traditional super-
gravity [8]. However, in the present context a number of new features appear.
In particular, for reasons of consistency with the U(1) gauge structure, the U(1)
weights of the chiral superelds  and  are determined to be :
!() = 2 ; !() = 0 : (74)










































































































with the denitions :
j = B ; D
2
j =  4G : (76)
Taking into account the equations of motion
6
A =  M ; (77)






















reproduces exactly the lagrangian (66) of curvature squared U(1) supergravity.
On the other hand, performing appropriately a Weyl rescaling in the supersym-
metric context [23], [9], this action will describe supergravity, with a properly
normalized curvature scalar, coupled to two chiral matter multiplets in the pres-
ence of a Fayet{Iliopoulos term.
In conclusion, we expect that this mechanism might open new possibilities for
scenarios of gravity induced supersymmetry breaking in the presence of curvature
squared terms [9].
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6
In supereld language this corresponds to varying (73) with respect to (the prepotential
of) the chiral supereld .
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